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XXV. Letters of Henry Eeles, £/^; cofp- 
cerning the Caufe of the Afcent of Vapour 
and Exhalation^ and thofe of JVinds ; and 
of the general Phcenomena of the Weather 
and Barometer. 

To the Rev. Tho. Birch, D. D. Secret. R. S. 

LETTER L 

S 1 R, Lifnore (in Ireland), Nov. 25, 1754. 

Read Jan. 23,^ Received your letter of the 25th of No- 
^^^^' j^ vember i/fi, in anfwer to my letter 
to the Royal Society concerning the caufe of thunder* 
As you tell me, that they honoured me with their 
deiire of my thoughts on fome fubjeds mentioned 
therein, I have ventured to fend you a letter, for 
them, on one of thofe fubje£ts, inclofed in tvvro 
packets^ by this poft. I fear, that the Society will 
think my letter too hypothetical y our great modern 
philofopher having, in fome meafure, condemned 
the ufe of hypothefes. But I muft boldly obferve, 
that that ohjedion is made in a part of his works, 
which is intirely hypothetical : 1 meaa his queries at 
the end of his third book of optics. And I fliall 
venture to £hew (if the Society will have patience to 
hear me), that there is a great deal hypothetical in 
his fecond hook of optics, where he thinks himfelf 
more afcertained. For he there fpeaks pretty poll- 
lively of four caufes of the refraftion, &c. of light- 
three of which muft be wrongs and the fourth (his- 
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aether), in the manner he has propofed it, can never 
be fufficient for that purpofe. Not that I intend im- 
pudently to blame that truly great man, but tp en- 
deavour to inveftigate the caufe of refledion and re- 
fraction of light, by means not made fenfible to 
mankind in his time. I may alfo obferve, that, if 
his hypothefis had not preceded his calculation, the 
world had never been obliged to him for his great 
dodrine of attradion : for at firft he only fuppofed,. 
that the powder of gravity may extend to the moon 5 
and that fhe may be retained in her orbit thereby : 
but when he made his calculation (having miftaken 
jBxty Englifh miles for the meafure of a degree on 
the furface of our earth), he thought, that fome other 
power muft co-operate with that of gravity, to keep 
the moon in her orbit j and for that time laid his 
attempt afide ; till Picart, in France, meafured a 
degree, and found, that it contained about iixty-nine 
Englifh miles and an half) and then, or fome years 
after^ our great author having refumed his compu- 
tation, found, that the power of gravity was alone 
fufficient to keep the moon and planets in their or- 
bits ; and thereby proved his hypothefis. 

Indeed, in works of invention, I cannot fee how 
it is poffible to proceed without fomething hypo- 
thetical 5 for the fuppofition muft ever precede the 
proof. I am not for eftablifhing hypothefes as prin- 
ciples 5 but if an hypothefis is rationally founded, I 
think it is worth the while to inquire into the truth 
of it 5 and thus invention may proceed. 

I fhall not fay any thing in juftification of my own,, 
becaufe I have not any vanity to gratify ; for if my let^ 
ter has hot any thing worth the Society's or your accept 
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ance, I can moft readilj^ and willingly alk pardon for 
the trouble, which I have given, and defift from 
giving any for the future, I am, 

b I xi.) 

Your moft obedient humble fervant. 

Hen. Eeles. 

7a the Rojfal Society, 
LETTER n. 

Gentlemeti, U imom (in Ireland), Nov. 25, 1754. 

fteftd Jan. 23, and Feb J W \ H E great honour you have 
6, and 13, 1755. J^ j^^^ ^^^ i^ accepting my 

letter concerning the caufe of thunder, has embol- 
dened me to proceed in part of what I therein pro*- 
pofed, viz. to endeavour to fliew, that the fire, wfjich 
is made apparent by ele<ftrical experiments, is the 
principal caufe of the afcent of vapour and exhala- 
tion ; and that the lower part of our atmofphere is, 
by that means^ kept more homogeneal than is gene* 
rally fuppofed, and fitter for rcfpiration, vifion, &c^ 
and that clouds of heterogeneous nfliatter are kept 
fufpended, at their ufual height, merely by this fire. 
To which I have added fomething concerning the 
caufe of the winds, and to explain the general phae- 
nomena of the weather and barometer. 

But as I muft now contradid fome generally re- 
ceived opinions, it may be thought decent to make 
fome apology for offering my own. But I fliall not 

take 



[ J27 ] 

take up your time in fo doing ; for if they carry an 
appearance of truth, I need not make an apology for 
them } if they appear falfe, they cannot injure thofe 
opinions, which they contradift; and then I have 
but one apology to make, which is, to acquiefce, 
and iincerely afk your pardon for having troubled 
you with them. 

It is agreed, that the afcent of vapour and exha- 
lation through the air may be efFefted two ways; 
by impulfe, and an alteration of their fpecific gra- 
vity. 

That vapour does not generally afcend by impulfe, 
may be proved by many familiar experiments, viz. 
Put boiling water into a veflel, and then empty it, 
and hold the veffel with the apperture downwards : 
the vapour, which is afterwards expelled from the 
veflel, muft be in a direftion downward; but we find, 
that as foon as it has got but a very little below the 
rim of the veflel, it has its direction altered, and 
afcends by the laws of fpecific gravity. The fame 
thing may be obferved in all boiling vcfiels, where 
the vapour is emitted in a direction downward ; or, 
in cold weather, when the vapour of a man's breath 
may be feen, let him breath downward, and the 
direftion of his breath will be prefently altered, as in 
the former cafe. Since then vapour does afcend 
without any other impulfe than that, which is inci- 
dent on all bodies afcending by the laws of fpecific 
gravity 5 it is neceflfary to inquire, how the fpecific 
gravity of vapour is altered to caufe its afcent. This 
is generally fuppofed to be done by filling veficles of 
water with rarified air, until the diameter of the 
vefick be ten or more times the diameter of a drop 

of 
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af water, compofed of .the fame conftituent parti* 
cles; and that the veficle, by this means, becomes 
Ipecificaily lighter than air. But 1 think, that this 
cannot be done fo eafily, as it has been generally ima- 
gined ; and when done, it will not be fufficient for 
thepurpofe; which will appear from the following 
confiderations. 

Firft, the great difficulty in forming thofe veficles, 
efpecially of the particles of dry bodies carried off 
by exhalation, and filling them with rarified air, 
while the exterior air remains condenfed. Secondly, 
That there is not any allowance made for the weight 
of the included air* Thirdly, The conftituent par- 
ticles of water are but very little (if at all) altered in 
their fpecific gravity. Fourthly, That this thin veficle 
can never be a fufficient boundary between the ex- 
terior condenfed air and the interior air, fo exceed- 
ingly rarified. And therefore as the denfity of air 
is proportional to the force comprefling it, it folio w.^^, 
that the interior air muft be fjddenly comprefi!ed 
(and the veficle with it), until it be of equal denfity 
with the exterior air ; in which ftate the veficle is 
not more fitted for afcending, than if the fame con- 
ftituent watry particles were formed into a fpherical 
drop. 

For here I muft beg leave to fet afide a falfe rea- 
foning, which I have found in many approved writers 
on this fubjeft, who aflfert, that the fpecifio gravity 
of bodies is altered by a mere increafe of furface, 
upon their being divided into minute parts. Which 
is wrong ; for the fpecific gravity of any body is only 
to be altered by making that body occupy a greater 
or lefs proportion of fpace. It is evident, that upon 

dividing 
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dividing a body into parts, the furface increafes ac- 
cording to the number of parts, but the proportion 
of fpace occupied (and confequently the fpecific gra- 
vity) remains the fame. Take a cube, whofe fide 
is ten inches, the furface is fix hundred inches, the 
fpace occupied one thoufand cubic inches ; divide 
mat cube into a thoufand cubes i the furface will be 
increafed to fix thoufand fquare inches, but the fpace 
occupied will remain a thoufand cubic inches, and 
therefore the f|^cific gravity will remain the fame : 
and fo on, divide it into as many parts as you pleafe. 
Indeed bodies by an increafe of furface meet a greater 
refiflrance in pafling through any medium j but, I 
think, refiftance and fpecific gravity are here care-- 
fully to Ix diftinguilhed : for that refiftance, which 
prevents the finking of the minute parts of a body, 
in a fluid fpecifically lighter, muft equally retard their 
afcent in the fame fluid ; and theretore can never be 
the caufe of their afcending. 

But let us fuppofe, that this veficle is formed and 
filled with rarefied air, and afccnding through the 
atmofphcre ; it is plain, from another caufe, that it 
cannot remain fo during a few feconds of time : for 
no folar or culinary heat can expand air fo as to 
make it permanent in that ftate, in a veficle of va- 
pour afccnding through the open atmofphere, for the 
fpace of one minute. For it is evident, that metallic 
bodies, heated many degrees hotter than boiling 
water, and exceedingly larger than the afccnding 
veficle, cool in a few feconds. when expofedtothe 
open atmofphere. For inftance, mechanic operators, 
in tempering of fmall drills, only heat them red hot 
in the flame of a lamp, and then waving them three 
Vol* 49. ^ or 
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or foOT times through the air, find them not only 
cold, but hardened by their fudden cooling, fo as 
to be fit for cutting other parts of the fame fteel, 
which has been cooled more gradually. Now the 
veficles being exceedingly fmaller than the^ points of 
fuch drills, muft cool much quicker, and the in- 
cluded air be condenfed equal to the circumambient 
air almoft inftantaneoufly ; in which ftate the veficle 
is not fitter for afcending than that portion of water 
was before the veficle was formed: for though the 
furface of the water is vaftly increafed by the forme 
of the veficle, which may retard the defcent of it 
through the air, yet that form muft equally obftrudt 
its afcent 5 and the fpecific gravity of the conftituent 
particles remaining the fame, I cannot fee how the 
increafe of furface can aid its afcent. And here I 
muft obferve, that it has not yet been explained, how 
water can be dilated fo,, as to occupy eight hun- 
dred or a thoufand times the fpace, which it naturally 
does. For I think the greateft expanfion it fuiFcrs 
by boiling (the greateft heat we can give it) is not 
more than a nineteentli or twentieth part of what it 
was before. 

But fuppofmg thefe veficles formed and afcending, 
there is ftill a very neceflary power wanting, I mean 
repullion, to prevent their running into contad: (by 
their natural attradion), and forming larger maflfes -, 
in which ftate they would immediately defcend. 
Now let us fuppofe^ that they afcend by impulfe ; it 
will be very difficult to explain their motions, which 
are evident to fenfe. For if they afcend by impulfe, 
their motion muft be continually retarded by their 
gravity j^ and the obftrudtions of the air, until they 

4 arrive 
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arrke at their grcateft height, which mnk always 
be in proportion to their firft velocity i and then they 
muft defcend by the laws of fpecific gravity, as all 
other bodies do. The velocity with which we gene- 
rally fee vapour afcend, is not fufiicient to carry it a 
few yards in height i and therefore, if there were no 
otho- caufe of afcent but impulfe, the vapours and 
exhalations muft be pretty equably diffufed over the 
furface of the earth, afcending to a fmall height, and 
immediately defcending again j or if it were poffible 
for them to float at that height, the confeqoence muft 
be a perpetual fog. How far the great ufes of vifion 
would be obftruiled or loft in this cafe, I need not 
mention ; nor need 1 fay, how detrimental it would 
prove to refpiration, lince mankind have agreed to 
call fogs unwholfome. However, when I come to 
fpeak of the ufes of electrical fire in animal life, I 
(kM fay fomething on this fubject. 

However neceflary an impulfive power may be in 
the firft emiffion of vapour and exhalation from their 
maffes, I think it evident, from the flownefs of their 
afcent, that it cannot carry them to that height, 
where clouds are ufually formed ; much lefs is it 
poiSble, that it ftiould be the caufe of their floating 
there for many days, as we fee they do. This can 
only be done by an alteration of their fpecific gravity, 
till they are brought into an asquilibrium with part of 
the atmofphere where they float. 

It now remains to inquire, by what means this 
mav be done: fince neither impulfe, rarefaftion of 
the air, or any formation of their parts by expanfion, 
(which I know of) feem fufiicient for the purpofe. 

S 2 There 
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There appears to me but one way of altering the 
fpecific gravity of the particles of vapour and exha- 
lation, to render them lighter than air : which is by 
adding to each particle a fufficient quantity of fome 
fluid, whofe elafticity and rarity are exceedingly 
greater than that of the air. That the fluid or fire 
of eleftricity is fuch, I believe will be eafily granted 
me : but how far it is adapted to this purpofe, we 
muft inquire from experiments* 

But firft, let me not be thought abfurd in faying, 
that the Creator might have thought proper to 
adapt this fluid to this particular purpofe. For the 
purpofe is great ; no lefs than all vegetation and ani- 
mal life depending on the afcent and defcent of va- 
pour and exhalation . 

I need not run into a prolix detail of ele(3:rical 
experiments, to prove the properties of this fire^ 
which are much better known to you -, although 
I have made fome experiments, which, perhaps, have 
not yet come before you j by which it appears, that 
all fumes arifing from fire, whether blazing or 
otherwife, and all fl:eams rifmg from boiling or 
warm waters, and from all other fluids, and the 
breath of man, and of all other animals, and all the 
effluvia thrown oiF by perfpiration, are ftrongly 
eledrified. But I fhall not trouble you with thefe, 
till I come to fpeak of the ufes of this fire in ani- 
mal life. I fhall now only mention a few, which are 
well known, and which are to my purpofe. Firfl:> 
That defultory motion, by which it flies oiF from an 
eleftrified body to any number of non-eledrics, 
which are brought within the fphere of its aftivity 
and afFeftion. until it be equably difFufed through all. 

Secondly. 
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Secondly, That the fphere of its adlivity is increafed 
by heat. Thirdly, That this fire does not mix with 
air. Fourthly, That it intimately pervades water, 
and many other bodies, covering their fuperficies to 
a certain diftance ; which diftance is not in propor- 
tion to the bulk of the body eled:rified, but in pro- 
portion to the ftate of adlivity of the ele<9:rical fluid. 
Fifthly, This eledrical fluid readily joins with any 
fire, which fumes, or rather with the Maze or fumes 
of any fire ;, but will not mix or fly off with the fire 
of red-hot iron, or any other metal, which does not 
fume. I have not met with this in any writer on 
elearicity, but I have proved it by experiments. 

Now, to fhew, that this eledrical fire or fluid is 
the principal caufe of the afcent of vapour and ex- 
halation, we need only prove, that it attends all va- 
pour and exhalation, and that in fuch quantity, as is 
neceflary to render them fpecificilly lighter than the 
lower part of the atmofphere. 

I fhall not undertake to determine, by what caufe 
vapour and exhalation are detached from their maifes, 
whether by the folar or culinary lire, or by the vi- 
brations of the electrical fluid rendered more aftive 
by thofe fires j though I ani led to think the latter. 
But it is evident, that they ai^ emitted in exceeding 
minute diftinift particles, and that thefe particles muft 
pafs through that eleftrical fluid, which furrounds the 
furface ofV mafs, and Aat,'by d.a. means, they 
muft be equally elearified with the mafs; that is, 
they muft be covered with the eleftrical fluid to as 
great a diftance from their fuperficies as thie mafs is 
covered j which muft always be in proportion to the 
ftate of aftivity of the eledrical fluid. In which 

ftate^ 
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ftate, when they have paffed the fuirounding fluids 
they muft be repelled by it; and alfo repel each 
others and if each particle of vapour, and its fur- 
rounding fluid, occupy a greater fpace than the fame 
weight of air, they muft be fitted to afcend till they 
come in aequilibri um with the upper and rarer part of 
the atmofpherej where they muft floaty until their 
fpecific gravity is altared. As it is verv difficult to 
aflign the magnitude of each j^rticleoi vapour and 
exhalation, and that of the furrounding fluid ; and 
to fhew, that both, taken together, occupy a greater 
portion of fpace than the fame weight of air; we 
can only apply to experiment, to fhew, that it is pof- 
fible that it may be fo 5 and that will fhew, that in all 
probability it is fo 5 fince it is evident, that every 
particle muft be endued with a portion of this elec- 
trical fire or fluid, and that there is not any other 
fufiicient caufe affigncd for their afcending. 

It is evident, that, upon elcdrifying any light 
matter, fuch as down, or rfie downy parts of feathers, 
their fpecific gravity is much leflened; and that, 
by hdding another eledxified body under them, they 
may be driven upwards at pleafure. It is alfo evi- 
dent, from experiment, that the more you divide the 
parts of fuch bodies, the more of their fpecific gra- 
vity they will loofe l3y being ele<3:rified ; and by di- 
viding mem into very minute parts, I have found, 
that they afcended to a confiderable height after they 
were ekarified. From whence I think it highly 
probable, that the exceeding fmall particles of va- 
pour and exhalation may be, and are, fufficiently 
eledrified to render them fpecifically lighter than the 
lower air 5 and that diey do afcend by that means. 

And 
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And that they will afcend proportionally higher, as 
the furrounding fluid is proportionally greater than 
the particle, which is carried up. 

It may be now thought necenary to fhew what 
becomes of our vapour and exhalation above j or hovr 
they are to come down again. But I muft here beg 
your patience, while I endeavour to fhew, that the 
afcent and defcent of vapour and exhalation, attended 
by this fire, is the principal caufe of all our winds. 
In doing of which, I hope to bring down the vapour 
and exhalations, and to explain the general phseno- 
mena of the weather and barometer. 

It being admitted, that wind is only air put into 
motion, many have been the conjectures how that 
motion is caufed. Among which, the motion of 
the earth, and the air's being rarefied by the fun„ 
feem to ftand firft. The trade winds being moft 
regular, and occupying a confiderable part of the 
globe, it has been thought proper firft to account 
for them, from the afore-mentioned caufes* 

But I think, that thefe caufes by themfelves are 
not fufficient for the motion of thofe winds, and 
much lefs fo for the irregular motion of all the 
other winds. If the apparent motion of the air 
was occafioned by the diurnal revolution of the earth 
from w^ft to eaft (by the air's being left behind), 
the motion muft be found more regular, and very 
different from what it is i for in that cafe the greateft 
motion muft be at the equator, and from thence 
leflen by regular degrees to the poles 3, and muft be 
continued diways equally one way, both day and 
night, and at all fcafons. But we find quke the 
contrary j the OKjft gentle g^cs blowing at the equa- 
tor 
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tor and between the tropics pretty fteadily^ one way 
all day long, and dying away at night ; while high 
winds and florms, blowing all manner of ways, are 
found in the higher latitudes* I flaall not detain you 
to {hew, that the fun's rarefying air cannot limply be 
the caufc of all the regular and irregular motions^ 
which we find in the atmofphere ; but I fliall pro- 
ceed to what, I think, is the caufe, viz. the afcent 
and defcent of vapour and exhalation, attended by 
the eledrical fire, or fluid. 

You are well acquainted with the calculations (by 
fundry authors) of the quantity of vapours raifed in 
a day ; but I will venture to fay, that all thofe, which 
I have met with, fall exceedingly fhort of the quan- 
tity raifed in the torrid zone. Now, all this vapour 
and exhalation, being buoy'd up by the eledtrical fire, 
muft add a column to the air (though of a different 
matter) at leaft a thoufand times greater than the 
vapour and exhalation taken up; which column 
muft neceffarily force the adjacent part of the in- 
cumbent air upwards; and muft as necelTarily be 
reafted upon by the incumbent air, to reftore the 
aequilibrium of the whole air. And as it cannot be 
readily forced down again, it muft float o£F, at that 
altitude, toward thofe parts, where little or no addi- 
tion has been made to the atmofphere ; and by that 
means muft propel the air on the horizontal level 
with it, and that below it, as it is itfelf propelled by 
the weight of the incumbent air. And that motion 
muft be from the equator (where the greateft quan- 
tity of vapour, &c. is raifed), toward die poles, and 
partly to the weft s as the column of vapour is al- 
ways rifing from eaft to weft, as the earth turns to- 
ward 
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ward the fun. For here we muft coflfefs, that the 
fun is the great agent in detaching vapour and exha- 
lation from their mafles ; whether he ads immedi- 
diately by himfelf, or by his rendering the elecftric 
fire more aftive in its vibration: but their fubfe- 
quent afcent I attribute intirely to their being ren- 
der'd fpecifically lighter than the lower air, by their 
conjundion with this eledrical fire. The fire, which 
furroands the vapour, beginning to condenfe, and the 
vapour to fubfide, in paffing the tropics, becomes a 
greater preffurfe on the air beneath, and by that 
means forces fome part back into the tropics, in the 
place of that air protruded by the afcent of the va- 
pour, c^<r. and the remainder in a diredlion toward 
the poles. The common rotation of the air in 
coming in below, to fupply the place of that part 
carried'up by any fire, mafexplain^his motion, 'to 
ihcw, how this motion muft tend to the weft, we 
muft coniider^ that the column of air, raifed by the 
afcending vapour, ^(t. is at its greateft altitude to 
the eaft -, and therefore muft prefs that air to the 
weft ward, which is continually protruded by the va- 
pours, &c. beginning to afcend from eaft to weft j 
and the compfeiTed air at the tropics muft tend to 
the weft ward, till their forces meeting make the mo- 
tion intirely to the weft. The air itfelf being rare- 
fied, and carried up by the reflexion of the intenfe 
heat of the fun (for heaf^ in ilying off from all bo- 
dies, does afcend through the air with great velo- 
city), may be a confiderable additional caufe of thefe 
trade winds ; but never can be the fole caufe of all 
the, erratic winds. As I am not fufficiently ialbrin'd 
of the particular formation of the globe, to account 
Vol. 4p. T for 



for all tfie irregular winds within the tropks, I 
fhall only venture to fay, that^ where fuch happen^ 
it muft be by means of feme trafts of land, which rife 
to a greater height above the horizontal level, than 
vapours generally doj by which the motion of the 
vajx>urs is ftop];^d, and the vapour accumulated by 
fucceeding vapour^ and the air, upon which they 
float, is of eonfequence pfefied into a new diredion. 
And from hence may alfo be explained the caufe of 
the rains,^^ particularly fo called in the Tea language. 

I muft now confider what becomes of the vapour, 
&c. floating fi-om over the tropics toward the poles; 
which being lefs affe^ed by the heat of the fun, re- 
flfeded from the ftrrface of the globe, the furround- 
ing elea^cd fire begins to condenfe more and more 
as it moves toward the poles, tnd the vapours of 
courfe to defcendj and that part moft^ whien is moft 
remote from, or is fa^rthefl: left behind by the fun ; 
and of confeqtience the higher column or air muft 
tend that way to reft^ore the equilibrium^ which mo- 
tion, at this fide the equator, muft be to the north- 
eaft ;, and as the vapour, &c. fall again to the earth, 
the motion muft be more to the eaft. From wlietice 
our fouth^weft and wefterly winds> which blow a 
confiderable part of the year. 

But as this iyftem is too regular to account for 
the phsenomena of the erratic winds, we muft con^ 
fider whence they arlfe. I have before obferved, thai 
tra<fls of Imd rifin^ into tht ^molphere will ftop the 
tfegiikr motion of the vapour, &c. md that the va- 
pour being accumulated by fucceeding vapour,^ the 
fubjacent air muft^ be preflfed into new aire<5ions. 
Bow this caufe added to the daily dilatation of the 

die&tic^ 
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cledrical fire, and the contraction at night, and flit 
coalition of the vapours, to occalion their total de- 
fcent. Will be fufficient to produce a very great va-*- 
riety of w^inds on this fide the tropic* But if I vv^ere 
to fet down all that has occurred upon this fubjeft, 
about upper currents, under currents, and interme- 
diate tranfverfe currents, &c. occafioned by the va- 
rious motions of the atmofphere, to reftore an equi- 
librium, and to produce my proofs, I muft fend you 
a book, inftead of a letter. But I write not to com- 
mon minds. 

It now remains to fhew, how the general phseno- 
mena of the weather and barometer arife from this 
lyftem. Firft, Why it generally rains in winter, 
while the wind is fouth^ fouth-weft, and wefterly. 
Secondly, Why north-weft winds are generally at- 
tended by (howers in the beginning, and become 
more dry, as they are of longer continuance. Thirdly, 
Why north and north-eaft winds are generally dry. 
Fourthly, Why the eaft wind continues dry and 
dark for a confiderable time together. Fifthly, Why 
fqualls precede heavy and diftind fhowers ; and why 
a calm enfues for fome little time after they are 
pafs'd. Sixthly, Why ftorms and high winds feldom 
happen in a ferene fky without clouds. Seventhly, 
Why the vapours, in warm feafons, coalefce to form 
thofe diftind denfe clouds, which produce thunder 
and heavy jfhowers. Eighthly, Why the barometer 
falls loweft in long continued rains, attended by 
winds ; and why it rifes higheft in long continued fair 
weather 5 and why the intermediate changes happen. 
Ninthly^ Of land-breezes and fea-breezes, and wa- 
ter-fpouts. 

T ^ Firft. 
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Firft, The vapours paffing the tropics Into coFdei? 
regions, have their furrounding fire condenfed by de- 
grees J which mufl: increafe their fpecific gravity, and 
leffen their repulfive power $ by which means they 
muft both defcend, and approach each other, till at 
laft they form denfe vifible clouds > and thefe clouds 
are alfo accumulated by other fuceeeding vapoars, of 
like fpecific gravity, till they form clouds, which are 
often feveral hundred yards in depth 1 which I have 
often feen, in paffing through them up the fides of 
very high mountains. In clouds of fuch depth, I 
think, the coalition of their particles, to form drops, 
may arife from their motion, and the order, of fpe^ 
cific gravity^ For the air being a great deal denfer, 
and of greater fpecific gravity, at the bottom of fuch 
a cloud than it is at the top 5 and the particles of 
vapour, with their fire, being pretty near an equal 
fpecific gravity ^ thofe particles, which are below, 
muft neceflarily be forced upwards, and thofe above 
muft as neceffarily defcend, till they all meet at that 
altitude, whereat their fpecific gravity would make 
them float, if they were not prevented merely by 
their repulfive power : but this repulfive power mull: 
be greatly a(Scd upon, if not quite overcome, in 
fome places by this preflure of the air and of the 
vapours. But fuppofing the particles brought into a 
very near approach by this preflure, it will be fcarcely 
poflible for them,, upon any motion of the clouds, 
to keep their fl:ated difl:ances without impinging up*- 
on one another. And whenever this happens, it is 
eafy to fliew how rain is formed. For where-ever 
two or more particles are forced to approach within 
their repulfive powers, they will run into contaft and 

fphericity 



fpfiericity (if fluid) by their atirattive po7i^n , ^ni By 
ttMt means become covered with the eie£trical iiuid 
to a greater diftance from their fuperficies, than the 
other particles are, or than they were before their 
conjundiion (as I ha?e Ihewn in my letter concern- 
ing the caule of thunder) 5 that is, will be more 
eleftrified : and confequently (as appears by ele<ftrical 
experiments) the exceft of eleftrical fluid will run 
off amctfig the other particles 5 by which means the 
enlarged particles have their fpecific gravity increafed, 
and are enabled to defcend to a lower region of the 
air. And the more piarticles they impinge upon, in their 
defcent, the more their fpecific gravity and velocity 
be increafed -, and the more their velocity is increafed, 
the more particles will they imping upon, till they 
fall from the clouds in drops j whofe bignefs will be 
according to the depth and denfity of the cloud they 
have pafl^ed through. 

It may be neceflary to ihew, why 1 aflert, that the 
increafe of velocity in the enlarged particle will 
make it impinge upon a greater number of the fmaller 
particles, in its paffage through them. And this will 
appear by eleftrifying a feather, which maybe driven 
upwards, by the eleftric body, with a certain velo- 
city y but if you add a much greater velocity to the 
electric body, it will overtake the feather, and get 
within their repulfive powers ,, and the feather will 
ftick ta it by their attractive powers. And the lefs 
difl:ance the feather keeps above the ^ledric body, 
the lefs increafe of velocity is neceflary to make 
them join. You will pardon my prolixity in this 
particular, becaufe, I think, much depends upon it 
m the formation of rain. 

Having 
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Having fliewn how I think vapour may coalefce 
into rain, I fliall now endeavour to explain the phe- 
nomena of the weather, &c», 

Firft, Why our fouth, fouth-weft, and wefterly 
winds are wet in winter* I have before fhewn, that 
the wind, and the vapour with it, muft tend from the 
tropic toward the pole, and how it may be varidi to 
the north-eaft and to the eaft. In the cold winter 
ieafon the vapour, in this courfe, muft coalefce more 
and more, as it comes into the colder regions, and at 
laft come down in mifts and rain ; and thei more the 
column of air is decreafed by the fall of fuch mifts 
and rain, the more room is there for fucc^eding va- 
pours to be prefled into the fame courfe, and to fall 
in like manner 5 and fo on ; which may occafion the 
continued courfe of thefe winds, and wet, which gene- 
rally attends our winters. But fometimes, at the 
fall of thefe rains, the wind comes in from the 
aorth-weft, to reftore the balance of the atmofphere, 
and roll the vapours (ftili floating in the air), by 
altering their motion, into heavy denfe clouds, which, 
upon their fudden coalition, let fall heavy ftiowers. 
But by that means the remaining particles of vapour 
in the cloud have a greater quantity of eledlric fluid 
diftributed among them; which enables them to 
afcend, and form what the failors call a hard dry 
flcy; and as they approach farther into a warmer 
climate, which increafes the power of the eledrical 
fluid, they rife, diflipate, and vanifti out of fight 1 
and this is the general confequence of north-weft 
winds. As to the north and north-eaft winds, what- 
ever vapour they bring with them, has its repulfive 
and afcending power (that is the eleftric fluid) £0 in- 

creafed 
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crcafcd by approaching into warmer and warmer di- 
matcs, that it fcarce ever comes down in rain, except 
from the efFeds of fome upper current of the air. 

It fometimes happens, while the wind blows very 
^ntly at eaft, that the vapours coalefce at a confider- 
able height in the atmofphere, fo as to form one 
even uniform cloud, fufBcient to fhut out the bright 
ihining light of the fun, which is therefore called a 
dark iky : Which cloud being uniform, and of no 
great thicknefs, and carried on !:^ a very gentle mo- 
tion, and that neither approaching to a warmer or a 
colder climate, and feldom defcending fo low as to 
be diflurbed by the tops of mountains, the vapours 
may keep the order of their fpecific gravity for a 
coniiderable timej as they generally do, till fon>e 
crofs or OOTofite wind forces them to feperate into 
denfer clouds, and leave apertures for the fun to 
:fliine through ; and this is generally the cafe for a^ 
day or two before any wet defcends. 

Why fqualls precede heavy diftind: fhowefs^ and 
a calm enfues for fome little time after they are 
paffed^ is pretty evident 5 for the defcending rain, 
attended by the eledtrical fluid, forces^ the fubjacent 
air out of its place, and that which is driven forward 
muft add a proportional velocity to the motion of 
the wind that way, and that which is driven back- 
ward mvdl alfo obfiruil the motion of the wind ad- 
vancing after the cloud.. The wind preceding the 
cloud is-alfo prefled off obliquely toward each ex- 
treme of the fhower. Which may be of good ufe 
for ftilors to know and obfervei for if they fall upon 
z wind from the center of the fhower toward the 
extremity, they may fafely venture to keep their luffj 

but^ 
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but if they fail from the extremity toward the cen- 
tre, if they luff up, they will be taken aback, and 
run the hazard of being difmafted: and this I al- 
ways found true in pradice. 

Why high winds are.feldom found in a ferene flcy 
without clouds, is alfo pretty evident i for clouds oc- 
cafion thefe high winds in a double manner j firft, 
when they are large and united, and upon the de- 
fcent, as they occupy a great fpace in the atmof- 
phere, they muft prefs the fubjacent air into a great 
velocity; and fecondly, when they coalefce, and 
come down in heavy rains, they make room for the 
air to flow in with violence, to reftore the equili- 
brium of the wrhole air. 

To know how the vapours coalefce in warm fea- 
fons, to form thofe diftind denfe clouds, which pro- 
duce thunder and heavy fhowers, we muft firft con- 
fider the ftate of the vapour in its afcent, which 
muft be ftrongly endued with the eleftrical fire to 
enable it to afcend to the great height it then does 
in the atmofphere: Secondly, The great quantity 
carried up, andk^pt afloat at that great height, during 
a feries of hot dry weather. The quantity may be 
proved from the height of the mercury in the baro- 
meter (as I ihall fhew prefently), and the great 
beight and diflipation of the vapour | from the fe- 
rene appearance of the jfky ; and alfo by the great 
height, where even thunder-clouds are formed in its 
defcent.j which may be eafily meafured by the length 
jof time between the light and noife of thunder. In 
this ftate the upper air is in a quietude, and what- 
ever part of this vapour begins to coalefce and fub- 
•fide firft, will carry down with it part of the fubja- 
cent 
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cent vapour, and make room at the top for other 
vapours to flow in from all fides, which, by their 
meeting, may alfo coalefce and fubfide to form this 
central defcending cloud, and fo alfo of like fucceed- 
ing vapours. And thus, I think, clouds of any den- 
fity may be formed in a quiet air (and thunder gene- 
rally happens in calm weather), till the denfity is too 
great for the buoyant eledrical fire to fufl:ain the 
weight, which flying ofi^, in part, from the largefl: 
drops, lets them fall almofl: in fpouts. 

Why the mercury falls and rifes in the barometer, 
will appear from what I have been faying; for in 
long continued fair dry weather, there is a great 
quantity of vapour raifed, and kept afloat in the 
air ; which mufl: neceflarily add a column to the 
air at leafl: a thoufand times greater than the vapour 
taken up -, and often much greater than that ; which 
mufl: as neceflarily increafe the weight of the air, 
and make the mercury rife proportional to the addi- 
tional column J and when rains defcend, they fub- 
ilraft a column from the air, near a thoufand times 
as great as the water fallen, which muft neceflarily 
leflen the weight of the air, and make the mercury 
fall proportional to fuch fubtradlion. As to the 
winds, they affed not the mercury, but as they are 
generally, in thefe climates, a confequence of de- 
fcending clouds and rains, blowing into thofe parts, 
where the column of air has been leflened, and while 
they blow, the mercury will continue low in the ba- 
rometer, till the equilibrium of the atmofphere be 
reftored. But, I believe, if it were inquired into, 
whether the mercury defcends, when the wind begins 
to blow every morning between the tropics, and the 

Vol. 45?. U vapours 



[ H6 ] 

vapours to afcend, that it will be found, Aat the 
mercury rather afcends. 

There is a phaenomenon, which has puzzled many ; 
that is, Why the mercury falls before the rain falls ? 
This maybe explained by the column of air's being 
klTened gradually, by the condenfation erf the elec- 
trical fluid from the firft defcent of the vapours till 
they fill in rain. 

I fhall now fay fomething of land-breezes and 
fea-breezes, a phaenomenon, which fometimes hap- 
pens in fair fettled weather, that the wind blows out 
from the land at night, and in from the fea at 
day-time. The land-breeze is occafioned by the de- 
fcent of the clouds, and the particular formation of 
the land ; for if the land rife into a hilJy country 
from the fea, when the clouds and vapours defcend 
at night, which they often do by the eteftrical fluids 
being condenfed, they mufl: prefs the air down the 
land toward the fea in their fall 5 as may appear 
from the fmoke of any fire running down the lide of 
a hill, in the evening of a damp day, when the 
clouds are upon the defcent. And the fea-breeze is 
occafioned by the clouds afcending in the day-time, 
which muft impel the incumbent air upwards, and 
make room for the fea-breeze to flow in : but, be- 
fide the mere afcent of clouds, there is an exceeding 
greater quantity of vapour raifed from the land than 
from the fea. For the fame extent of land has an 
exceeding greater furface than the fame extent of 
fea ; which may appear from the various forms of 
vegetables and animals, ^r. and the greater the fur- 
face, the greater will the evaporation be. Befide, the 
more irregular thefe furfaces are, the greater will be 

the 
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the reflection and refradion of the fun*s beams, 
which will increafe their power. And it is alfo ne- 
ceffary, that the evaporation fliould be much greater 
from vegetable and animal fluids, than from fluids 
in a quiefcent ftate, to carry on a circulation for the 
great work of nutrition : but of this when I come 
to fpeak of vegetation and animal life. Now, the 
afcent of thefe vapours muft beget a circulation of 
the air inward from the fea ; in the fame manner as 
the afcent of vapours from any fire brings in the air 
below to that fire. 

As to water-fpouts, I have found them oddly de- 
fcribed by the learned, as being great columns of wa- 
ter fucked up from the fea by the clouds. But I 
never faw any fuch ^ nor could I find, upon inquiry, 
from many honeft men, who have failed almoft all 
our known feas, that they ever met any fuch ^ and 
therefore I do not believe that there are any fuch. 
There is indeed an appearance fomething like their 
defcription, which may have given rife to their con- 
jectures ; but this is no more than a very heavy 
fliower from a very denfe cloud, which is drawn in- 
to a conical form, and a very narrow compafs at 
bottom, before it arrives at the fea -, which it daflies 
with great violence in its fall. It may be worth the 
while to inquire how the fliower comes into this 
conic form ; which I think is caufed by the general 
attradion. For while the vapours floated in the air, 
being of like fpecific gravity, they were equally 
attratfted by the air as by one another ; but when 
their fpecific gravity was greatly increafed by their 
being formed into larger drops, and letting go great 
part of that electrical fluid, which buoy'd them up, 

U 2 and 
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and the greateft quantity of water falling in the cen- 
ter of the fliower^ the extremes may be greatly at- 
tracted to the center, in their paflage downward. 

There is one objeftion, which may be made to all I 
have been faying of the winds and weather ; that is, 
the great diftance of the tropic, and that the wind muft 
be a great time in coming to us from thence. But 
this objedion will leffen, when the velocity of the 
wind is confidered, which in a frefli gale will move 
a degree in two hours ^ which will foon bring it 
from the tropic to us. And this velocity, and a 
much greater, I proved by a machine, which I in- 
vented, and made, in the year 173^, to go upon 
wheels, by the force of wind. For I have been car- 
ried in it at the rate of more than a degree in two 
hours, when the wind was upon the beam 5 that is, 
when I could fail forward or backward upon the 
fame tradt, with equal facility j fo that my motion 
going before the wind, muft have been much greater, 
which I then negleaed to eftimate. 

And novv, Gentlemen, I fear two things; that I 
have faid too much, and that I have faid too little. 
For if this letter appears with the fame face of truth 
to you as it does to me, I have omitted many things^ 
for fear of being too prolix, which I ought to have 
added. But, if I have written without a foundation 
in truth, I muft, long before you come to this part of 
my letter, appear prolix and impertinent t, and there- 
fore it may be time to conclude. Before I do which, 
I will aifert one thing ; that is, that if any thing in 
this letter is found worth your acceptance, it is 
intircly my own ; for I have not borrowed a iingle 
hint. No more I did ia my letter concerning the 

caufe 
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caufe of thunder. For when I wrote that letter 
(which was on the 20th of September 1751), I dicj 
not know, that any one had the leaft conjeftute, that 
the eleftrical fire was the caufe of thunder. And I 
told many gentlemen in this kingdom, in the begin- 
ning of the year 1751, that I thought I had difco- 
vered the real caufe of thunder. Indeed, immediately 
after my fending that letter to you, on the 18th of 
June 1752, I. met fome accounts in our news-paperBj, 
that iron bars, fome how or other fet up, daring the 
time of thunder^ were found to be ele<ftrified > but 
from that time to this I know nothing particular of 
thofe^ or any other experiments on thunder- clouda, 
I waited the publifliing of your volume of Tranfadlions^ 
for the year 1752, to inform myfelf of thefe mat* 
ters ; but I do not find, that it is yet come to our 
kingdom. 

As I am not a plagiary, (6 I would not willingly 
be thought one ; nor fhould I venture to trouble you^ 
with what I thought you may have better from other 
hands 5 but as the matter of this letter appears new 
to me, fo 1 venture to lay it before you, without any 
other motive than to add my mite ia the inveftigat- 
kg truth. lam, 

Gentlemen^ 

Your moft humble 

and moft obedient fervanl^ 

en, Eeks. 
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My fear of trefpaffing upon your patience had al- 
moft made me forget to explain, how far the wind 
affifts vapours to rife in greater quantities, and in lefs 
time, than they would in a quiet air. And this 
omiflion would not be excufable, becaufe both the 
learned and unlearned have obferved, that a greater 
quantity of vapour is carried ofE in dry windy wea- 
ther, than when the weather is calm. When va- 
pours arc emitted in great plenty from the furface of 
fluids, fuch as from a pot before it begins to boil, 
or from the furface of a bowl of hot punch, &c. it 
often happens that rihey croud each other in fuch 
manner, that the furrounding eledrical fluid of each 
particle is compreflTed, and cannot occupy that por- 
tion of fpace, which is neceflary to make it buoy up 
the particle : and thus the particles float in a fteam 
luft above the furface of the liquor, and they are 
prevented from falling back into the liquor by the 
eledrical fluid on the furface of the liquor -, in which 
ftate none but the uppermoft: particles can afcend ; 
which they do by the elafticity of the eled:rical fluid's 
forcing them upwards, till they have room for the 
eleftrical fluid thoroughly to expand itfelf, fo as to 
be able to buoy up the inclofed particle of vapour. 

In this ilate the aflifl:ance of the wind will be eafily 
underfl:ood -, for the wind blowing the vapours from 
the furface of the liquor, difllpates them, and gives 
them room to afcend, and clears the furface of the 
liquor, to make room for the fucceeding vapours to 
afcend, and fo on; which in this cafe will greatly 
aid the afcent of vapour. And thus far I think 
that the wind aflifts in the afcent of vapour, but no 
farther. 

I have 
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I have mentioned hot liquors only, becaufe the 
fteam is more vifible in them : not but the fame cafe 
often happens in evaporation, where we cannot £o 
eafily perceive it. 

7h the Reverend Thomas Birch, D. D, 

Secret. R. S. 

S I R, Lifmore (in Ireland), March 31, 1755. 

Read April 2 ^Y" Rereived your obliging letter of the 

a inftant, of which I am highly 
fenfi .nail always be fubfervient to your 

com 

Y me the honour to tell me, that the Royal 

Socii deiire to know the experiments, by which I 
foon all afcending vapours and exhalations to be 
eleftrified. At firft I only fuppofed they muft b©^ 
fo, according to the reafonings in my letter ; but 
upon trial, with a very fimple apparatus, I had the 
pleafure to convince myfelf that they were fo. 

I extended a fine ftring of filk eight feet horizon- 
tally, and from the middle fufpended two pieces of 
fuch down as grows upon our turf-bogs, by two 
pieces of fine filk, about twelve inches each in 
length 5 and then, by rubbing a piece of fealing-v^ax 
on my wafte-coat, over my fide, I eleftrified the 
pieces of down ^ and then brought fundry burnin<y 
things under them, fo as to let the fmoke pafs in 
great plenty through and about them, to try whether 
the electric fluid would run off with the fmoke ; but 

I had 
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I had the pleafure to fee that the down was but a 
little afFe£ted by the paflage of the fmoke, and dill 
remained eledriiied. I then brought fundry fleams 
from the fpout of a boiling tea-kettle, and otherwife, 
in the fame manner, and ftill found, that the down 
remained eleftrified. I then breathed on them in 
great plenty, but found that the down ftill remained 
eleftrified. I then joined the palms of my hands 
together, with the fingers extended perpendicularly 
under the down, which ftill remained electrified; 
although the fubtile effluvia, thrown off" by perfpira- 
tion, paffed in great plenty through the down ; as 
may appear by holding one or both the hands in the 
fame manner under any light matter floating in the 
air, which will be driven upwards thereby, with as 
great velocity as an eled:rified feather is by any elec- 
trified body held under it. In fliort, I tried all the 
vapours and exhalations I could think of, in the fame 
manner, and with the fame fuccefs. 

I then warmed a wine-glafs, and with the fkirt of 
my coat held infide and outfide the glais between 
my fingers and thumb : I rubbed the glafs brifkly 
about, and eledlrified the down, and found all ex- 
periments anfwer in the fame manner as they did 
with the wax. I mention this particular, becaufe 
fome writers on eleftricity have faid, that there were 
two kinds of eledrical fire, the one refinous, and the 
other vitreous 1 becaufe light bodies electrified by 
glafs are attraded by eledrified wax, ^c. and thofe 
eledtrified by refins are attraded by glafs. But I 
think thefe different effedts muft arife from fome 
differing qualities in the refin and glafs, which have 
power to aduate this fire differently. For if there 

were 
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were really two diftind: fpecies of this jfire, oppofite 
in their nature; the afore-mentioned experiments 
would have a very different confequence from what 
appears. For if the vapours were impregnated by 
the vitreous fire, they muft abforb, or fome way 
difturb, the refinous fire, which eledtrifies the down, 
and fo vice ver/a: but we find, that the fame vapour, 
with its eledric fire, pafles through the eleftrified 
down in the fame manner, whether it be eleftrified 
by glafs or refin. But I will not detain you on this 
fubjed. 

The eledlricity remaining in the eledrified down 
after thefe experiments made it appear^ that the 
fmoke and fleams mufl be either electrics, or non- 
eleftrics electrified. It was eafy to fuppofe them 
non-eleftrics, as they arife from non-eledric bodies > 
and the more, becaufe the higheft eledrics by a dif- 
continuity and comminution of their parts (long be- 
fore they come to be as minute as the particles of 
afcending vapour), become non-eledrics, or conduc- 
tors of electricity. For glafs, refin, wax, &c. all 
become non-eledtric, even in fufion. But to try 
whether the fleams, (^c. were non-ele6lrics, I only 
bedew'd the wax and glafs with my breath, fleams, 
&c. from my hand to the end of the wax and glafs j. 
and then touching the eleftrified down with the end 
of the wax or glafs, I found, that the eledrical fire 
immediately pafled from the down into my hand, 
through the fleams, &c. which refled upon the wzx 
and glafs. Which, I think, fufficiently proves the 
fleams, &c. to be non-eleCtric ; and I think, that it 
as plainly appears, that they are all eledtrified while 
afcending, becaufe the eledlrical fire in thn down 
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does not join with them in their paffage through it ; 
which otherwife it would do with them, or any 
non-eled:ric not elediriiied. 

I made fome other experiments to this purpofe ; 
but thefe principally periuaded me to fay, that all 
afcending vapours and exhalations were eleftrified. 
But how far they will weigh with the Royal Society, 
I mull leave to their better judgment, I am, 

SIR, 

Your moft humble and 

moft obedient fervant, 

Hen, Eeles. 

P. S. I ekdrined the down between each expe- 
riment. 
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